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1 
£his invention relates in general to voltage 
regu!ation systems, and in particular fo improved 
apparatus and circuit arrangements for regulat- 
ing the out.put vol:rage of battery chargers or 
batery eliminators. 
Heretofore, in a ïegulath]g systeni of this type, 
the load curreit would overshoot a desired value 
in seeking regulatioll. At various ïnstances in 
operation, the load current w0uld vary t great 
values causing an oscillatory condition before 
reaching the desired operating point. This ac- 
tivïty causes commercial difficulties. The present 
invention overcomes this problem aiid suppresses 
the oscfllatory condition of the loàd cum'ent to 
afford greater commercial and operating advan- 
rages to the present system. 
An object of this -fl]vention is to provide a 
 voltage regulation system in which the load .cur- 
rent oscillations are suppressed fo improve sta- 
bility. 
Another object of .the invention is to provide an 
improved form of saturable reactance amplifier, 
for use in a voltage regulating system, in which 
a higher degree of ámplification is obtained than 
in previously proposed reactance ampliflers 
through the use of a .novel degenerative feed- 
back winding. 
The above objects will be more fully appreciated 
upon a further peisal of specification taken in 
conjunction v«ith the accompnying drawing 
which illustrates à preferred embodiment of the 
invention in the form of a.schematic circuit .dia- 
gram. 
Described briefiy., the invention comprises a 
conventionat battery charger modified by the 
connection of a saturable reactor i.n the input 
circuit thereoï; a standard of comparison com- 
prisig a magnetic structure .including a perma- 
nent magnet and an electromagnet which is con- 
nected across the outPut circuit of the charger 
so as to produce a magneto-motive force, which 
is proportional to the output voltage in said mag- 
netic structure; and a. magnetic or saturable re- 
actance amplifier having its input circuit con- 
nected fo a further inding on said magnetic 
ztructure, so as fo be governed in accordance 
wih the difference .in he magneto-motive forces 
oï said permanent maget and said electromag- 
net, and having the output circuit of the electro- 
magnet connected to the saturating winding on 
said first reactor; whereby :the impedance of said 
first reactor is varied so .as to :maintain the out- 
put voltage substantially constant regardless of 
variations in inpUt voltage, load current, aging 
of the rectifiers, etc. 

2 
The present invention is a .direct improvement 
on United States Patent No. 2,560,284, issued July 
10, 1951 by the present inventòr. In ddition 
theïeto, a neg.ative eedback voltage is obtained 
5 from an extra wh]dflg .on the tenter leg of the 
last saturable reactor cote long with the D. C. 
saturating winding. - The feedback voltage is ap- 
plied te a previous stage of the magnetic .am- 
plifier by com]ecting the extra winding in series 
10 with a-D. C. saturating winding and the rectifier 
from which the ls/ter winding is energized. The 
extra w.inding is arranged so that ifs polarity is 
s:uch that any momentary increase of D. C. flux 
in the last reactor will cause a reduction of D. C. 
15 ampere-.turns on the reactor of a previous stage 
and likewise the converse is true. The negative 
feedback winding when applied to the magnetic 
ampliflers, as shovn, affords a means of suppress- 
ing oscillation in the load current. 
20 Another practical result .of this feedback .cir- 
cuit .is that it improves the gain of the magnetic 
amplifier even though it is connected as a nega- 
rive feedback circuit to suppress oscillations. At 
no ]oad the A. C. fl:ux of the saturable reactor 
25 links the two A. C. windings only, but as a D. C. 
saturation is fl]creased, a portion of thè A. C. 
flux links the windings on the center leg. There- 
by the A. C. flux increases wJth-saturation. This 
A. C. flux induces-a voltage in. £he extra winding 
at a frequency w.hich is double the frequency of 
30 the A. C. source and the magnitude o:f the voltage 
of the extra winding is increasing with D. C. 
saturation. The induced A. C. voltage of the ex- 
tra winding is half wave rectifled by the rectifier 
of the ea..rlier stage to which it is connected, and 
35 
regardless of the negative.feedback arraigement 
of the winding, the rectifier will allov additional 
current to flow only i £he saine direction as the 
original saturating current in that .stage. Thus, 
40 the extr.a rectified cur.rent adds to the original 
rectiïied.current resulting in increased saturation 
for the preceding reactor stage. 
leferring now fo the drawing, .there is shown 
a source of alternating current  connected to the 
45 input terminals 2 and $ of the charger, and a 
battery 4 connected in multiple with a load cir- 
cuit to the outpUt terminals  ad . "Between the 
inpu.t and eutput termizals there is shown a 
conventonal charger.comprising a transformer , 
50 a full wave dry-disc type rectifier $, and a tirer 
reactor 9. A regulating reactor   is connected in 
series ith the primary w.indingS of transformer 
] a.nd the alterna-tizg curren soúrce . A por- 
tion of £he otitput voltage of the Charger is ap- 
55 plied to windings on a control device ! which 
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3 
compares the magneto-motive force produced by 
these windings with that of a permanent magnet 
t 2 and governs the impedance of further windings 
thereon in accordance with the difference in the 
two magneto-motive forces. The impedance of 
these further windin¢s governs the voltage ap- 
plied to the input of a saturable reactance am- 
plifier comprising saturable reactors |3 through 
i ç, full wave dry-disc rectifiers 17 through 
and reactors 23 through 26. The output circuit 
of the magnetic amplifier is connected to the 
saturating winding 18c on the regulating reactor 
I. A winding |0g is wound around the center 
cote oî regulating reactor 19 in addition to the 
D. C, saturating winding |8c. D.C. saturating 
winding 15c and rectifier |9 are connected in se- 
ries with winding | 0g so that any momentary in- 
crease of D. C. flux in the reactor will cause a 
reduction of D. C. ampere-turns in the reactor 15. 
The charger is arranged for use on either 115 
v. A. C. or 230 v. A, C, by simply changing the 
strapping of terminals 27 through 38. These ter- 
minals are shown for 115 volt operation, in which 
case terminal 2 is connected through one con- 
tact of switch 3|, fuse $2, windins 10 and 
the strap between terminals 9 and 8, fuse 33, 
and another contact of switch 31 to terminal 
"Vindings |Sb and 7b are connected in multiple 
with windings |9 and 7 through the strap con- 
nected between terminals -7 and 28. For 230 
volt operation, the straps shown are removed and 
terminals 28 and 39 are strapped, in which case 
windings |8, , |gb and b are connected in 
series across the supply circuit. The winding di- 
rections on the regulating reactor I, and on the 
saturable reactors 13 thr0ugh 16, are such that 
the magnetic fluxes are produced in the cote by 
the two windings on the outer legs. The imped- 
ance of the windings on the outer legs of each 
of these reactor cotes varies with the degree of 
saturation of the cote, which is controlled by 
the amount of direct current fiowing in the 
winding Ic on the center leg. 
The control device II is also a saturable re- 
actor, but differs in construction and operation 
from the other saturable reactors |9 and 
through I. The control device comprises a 
magnetic cote having four legs joined by two 
yokes in which the two inner legs are restricted 
in cross section to permit ready saturation there- 
of. One of the outer legs of the cote comprises a 
permanent magnet 12. Winding 6 is provided 
on one of the inner legs, and winding 7 on the 
other. These windings, hereinafter termed A, C. 
windins, are connected in sm'ies so that the 
magnetic fiux produced by current flowing in the 
series circuit flows in opposite directions in the 
two inner legs of the cote; whereby these wind- 
in2s are incapable of producing a difference in 
majneto-motive force between the two yokes 
and thus will not produce a demagnetizin effect 
on the permanent magnet when energized with 
alternating current. Two additional windings 
 and 49, hereinafter termed D. C. windings, 
«.re pïovided; one on each yoke between the re- 
mainin¢ outer leg and the in_ner legs. These 
windin2s are connected in series aiding relation 
and may, if desired, be replaced by a single wind- 
ing on said remaining outer leg. A resistor 5, 
which has a negative temperatul'e coefficient, is 
connected in series with the aforesaid D. C. wind- 
in2s to compensate for the variation in resistance 
thereof with changes in temperature. This re- 
sistor is preferably imbedded in the core of the 
cont«'ol device I I. Alternatively, the D. C. wind- 

4 
ing may be wound with wire having a low tem- 
perature coefficient. 
When the D. C. windings $ and 9 of the con- 
trol device || are energized by connecting a 
 source of direct current across terminals 39 and 
4, with the positive terminal of the source con- 
nected to terminal 4), the fluxes produced by 
these windings and by the permanent magnet 
will be aiding in the outer legs and yokes of the 
10 cote but will be opposing in the two inner legs. 
For a predetermined voltage across the D. C. 
windings, determined by the strenth of the per- 
manent marner, the aforesaid fluxes will cancel 
each other in the inner legs of the cote and con- 
]5 sequently the A. C. windings 4 and 47 thereon 
will bave a maximum impedance. If the voltage 
across the D. C. windings is then either increased 
or decreased a net flux wfll be produced in the 
inner legs in accordance with the difference be- 
20 tween the magneto-motive forces of the perma- 
nent magnet and the D. C. windings. Due fo 
saturation of the inner legs, the impedance of 
he A. C. windings wfll decrease to a minimum 
value as the voltage across the D. C. windings is 
25 gradually increased or decreased from said pre- 
determined value. 
The D. C. windings of the control device || 
are brided across the output terminals 5, 6 of 
the charger in series with resistors | and 42 and 
,0 in shunt with resistors 3 and 4, whereby the 
impedance of the A. C, windings of the control 
device is caused to vary in accordance with the 
output voltage of the charger. The A. C. wind- 
ings of the control device are bridged across sym- 
,5 metrically spaced taps on the secondary wind- 
ing of transformer , in series with variable re- 
actor 2, via terminals 37 and 35. The A. C. ter- 
minals of bridge rectifier 7 are connected be- 
tween the midpoint of the secondary winding of 
40 transformer 7 and the junction between react0r 
 and the A, C. windings of control device ||. 
The D. C. terminals of rectifier |7 are connected 
fo the saturating winding |c of reactor |S. The 
A. C. windings |3 and | are similarly brldged 
45 across the aforesaid symmetrically spaced taps 
on transformer 7 in series with reactor 23. The 
A. C. terminals of bridge rectifier |8 are con- 
nected between the center tap on transformer 
and the junction between windin |3 and re- 
,,ctor |3. The D, C. terminals of rectifier |8 are 
50 
connected to the saturating winding |c of re- 
actor II. The D. C, terminals of rectifier 19 are 
connected in series with saturating winding |5c 
and winding |9. The A. C. terminals of bridge 
55 rectifier 19 are connected between the center tap 
3, of transformer  and the junction between 
winding |4b and reactor 2I. The D. C. ter- 
minals of rectifier 21) are connected to the satu- 
rating winding |6c of reactor |6. The A, C. ter- 
80 minals of bridge rectifier 9 are connected 
tween the center tap 36 on transformer 7 and the 
jm]ction between windings |Sb and reactor 25. 
A negative feedback voltage is obtalned fr0m 
the winding |I) on the center leg of reactor l l), 
85 and is applied to the magnetic amplifier by a 
series connection with D. C. saturatlng wlnding 
15c of reactor 15 and rectifier 19. The polarlty 
of winding |9 is such that any momentary in- 
crease of D. C, flux in reactor 18 will cause a re- 
70 duction of D. C, ampere-turns in the winding |5c 
of reactor 15, and likewise the converse Is true. 
The effect, therefore, is to suppress oscillations 
in the load current as indicated by ammeter A. 
Another practical result of the feedback wind- 
î5 ing |) is that it improved the gain of the mag- 
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netic amplifier even though itis connected for 
negative feedback to suppress oscillations of the 
load current. Af no load, the A. C. flux of satu- 
rable reactor 0 links the two A, C. windings 
10 and ID only. As the D. C. saturation is in- 
creased by coil Ic, a portion of the A. C. flux 
links the coils Ic and c on the center leg of 
reactor 18, and therefore the magnitude of volt- 
age in winding 10c is incieasing with satura- 
tion. This A. C. voltage in winding 10c which 
is double the frequency oZ the A. C. source and 
of increasing magnitude with D. C. saturation in 
coil c. This induced A. C. voltage of winding 
f Qd is half-wave rectified by the rectifier 19 to 
which if is connected. The rectifier 9 will allow 
additional current fo flow only in the same 
direction as the original saturating current in 
winding  . Thus, the extra rectifled current of 
winding 0c adds fo the original rectified cur- 
rent of winding 15« resulting in increased satu- 
ration and reater gain for the magnetic ampli- 
fier. 
The control device Il and the saturable react- 
ance or magnetic amplifier are preferably con- 
structed as a sub-assemb]y which may readily be 
adjused pïior to the final assembly of the com- 
plete chaïging unit. The manner in which the 
adjustment of this sub-assembly is carried out 
wfll now be described in order to facilitate the 
understanding of the operation thereof. During 
the adjustment the terminals  and $5 are con- 
nected to a suitable source of alternating current, 
the midpoint of the source being connected fo 
terminal $. Terminals  and SQ are also con- 
nected fo a suitable source of alternating current 
having ifs midpoint connected fo terminal $. A 
transformer having its secondary tapped af ___15 
v., ±2.5 v., 0, 2.5 v., --15 v., for example, may 
be employed for this purpos. Terminals $ and 
49 are connected to the negative and positive 
termina]s, rspectively, of a source of direct cur- 
rent of variable voltage. The voltage between 
terminals  and  is initially adjusted to a pre- 
determined value which is less than the minimum 
calibration point of a dial, not shown, with which 
the charger is tobe used. For example, if the 
charger is tobe used in conjunction with a tele- 
phone exchange battery which has a nominal 
volage of 48 volts, the voltage between terminals 
39 and 49 wfll be initially adjusted fo a voltage 
between 44-56 volts for the dial, hot shown, cali- 
bration. A direct current voltmeter is then con- 
nected across the saturating winding l$c of re- 
actor . The strength of permanent magnet l, 
which is initially magnetized fo a higher degree 
than actually required,, oi now adjusted until a 
predetermined voltage appears across winding 
$c. T'nis may conveniently be accomplished by 
shifting the magnet l partially off of the cote 
of tbe control device l to successively greater 
distances, and returning the magnet fo ifs ini- 
tial position between each shift, until the re- 
quired voltage is obtained with the magnet in ifs 
noïmal position. After the strength of the mag- 
net has thus been adjusted fo the desired value 
if is rigidly secured fo the cote. 
The variable reactors - through  are ini- 
tially adjusted fo the minimum value of induct- 
ance. _ne inductance of each of these reactors 
will then be less than that of the A. C. windflgs, 
such as f and l, of the corresponding sat- 
urable reactors. The inductance of reactor  is 
gradualiy increased. As the inductance of this 
reactor approaches that of the A. C. vindings 
on the control device l ,the voltage across wind- 

ing Ic will decrease to a minimum value, and 
will then increase as the inductance of reactor 
 is further increased. The balance point is 
hot sharply defined and if is therefore desirable 
5 to increase the inductance of reactor  until the 
voltage across winding Ic just starts fo increase 
in order to obtain the maximum sensitivity. The 
voltmeter is then transferred to winding Ic and 
ïeactor 3 is adjusted in like manner after which 
10 reaCtcrs 4, 25 and 6 are similarly adjusted. 
Since reactcr I is hot included in the sub- 
assembly a resistor may be connected across ter- 
:ninJls 5 and 51 fo replace winding I Oc during 
the .djustment of the sub-assembly and the 
15 leads fo winding IOd are shorted. 
Afteï the sub-assembly has been adjusted as 
described in the preceding paragïaph if is assem- 
bled with and connected fo the other elements of 
the complete charging unit as fllustrated. The 
20 fraction of the output voltage which is impressed 
on the D. C. windings of the coritrol device Il is 
determined by the values of resistors 41 through 
. esistor  is calibrated in terres of output 
voltage t permit ready field adjustment of the 
25 charger fo any desïred output voltage within the 
working range of the charger, which may be 44 
to 56 vo]ts, for example. esistors  and  are 
made adjustab!e to obtain correspondence be- 
tween the calibration of resistor  and the out- 
30 put voltage. With resistor  set fo the nominal 
value of output voltage fldicated on ifs cali- 
brated scale, resistors l and  are adjusted un- 
tri the output current is approximately two- 
thirds the rated capacity of the charger. 
35 Tests have shown that the output voltage will 
be maintained within ±2% of the desirecl nomi- 
nal value, which is determined by the setting of 
resistor 4, for all loads within the cpacity of 
the charger despite ±10% variations in input 
40 voltage, ±10% variations in frequency, or age« 
ing of the recthïers. Loads above the rated ca- 
pacity of the charger will take cum'ent from the 
battery and lower ifs terminal voltage, but the 
battery will be recharged to the desired nominal 
5 voltage as soon as the load is decreased to a value 
within the capacity of the charger. Under one 
ha]f load conditions the current fiowing in the 
D. C. wdings of each )f the reactors l0 and I 
through  is approximately midway between ifs 
50 mLuimum and maximum values when the im- 
pedance of the A. C. windings of the control de- 
vice Il is approximately midway between its 
ninimum and maximum values. If the output 
voltage varies, due to variations in input volt- 
55 age, load current, etc., the net magnetic flux 
fiowing in the inner legs of the control device 
varies accordfl]gly, thereby affecting the imped- 
ance of the A. C. winding on hese legs in the 
proper sense fo vary the impedance of the regu 
60 ]ating reactor I in a direction which wfil cause 
the voltage impressed on transformer  to either 
increase or decrease sufficient]y to com.pensate 
for the initial variation. 
The alternating current supply for the ïeact- 
65 ance amplified may, if desired, be obtained di- 
rectly from the input terminals of the charger 
and might include an A. C. voltage rgulator. 
I-towever, it has been found that improved reçu- 
70 lation, is obtained when the reactance amplifier 
s supplied from the transformer  due o the 
fact that the voltge impressed on this trans- 
former increases with increased load thereby 
providing increased gtin .in the reactance ampli- 
75 fier for increased loads. A greater variation in 
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the impedance of the regulating reactor 0, for a 
given variation in load, is thus obtained. 
V./hile a particular embodiment of the inven- 
tion bas been il!ustrated it is fo be understood 
that numerous modifications may be incorporat- 
ed thereLn without departing from the true spirit 
nd scope of the invention as defined in the ap- 
pended claims. 
What is claimed is: 
i. in a voltage reguiating system, a source of 
alternating current, a direct current load circuit, 
a rectifier connected between said source and 
said load circuit, a regulating reactor having a 
saturating winding, a negative feedback winding 
and a variable impedance winding, a circuit con- 
necting said variable impedance winding between 
said source and said rectifier to control the volt- 
ae impressed thereon, a magnetic amplifier 
having ifs input circuit connected across said 
load and having ifs output circuit connected to 
the saturatin winding on said regulating reactor 
so as to govern the impedance winding thereon 
in accordance with deviations in the load cir- 
cuit voltage from a nominal voltage, thereby 
tendin fo maintain the load circuit voltage con- 
stant, and a circuit connecting said negative feed- 
back windin fo sali magnetic amplifier to sup- 
press oscillations in the load circuit current to 
provide improved stabflity in the regulating 
system. 
2. in a voltage reulating system, a source of 
alternating current, a direct current load circuit, 
a rectifier connected between said source and 
said load circuit, a reulating reactor having a 
saturating winding, an alternating current feed- 
back winding, and a variable impedance winding, 
i circuit connecting said variable impedance 
winding between said source and said rectifier 
to control the voltage impressed thereon, a mag- 
netic amplifier having ifs input circuit across 
said load and having ifs output circuit connected 
fo the saturating winding on said reulating re- 
actor so as fo govern the impedance of the 
pedance winding thereon in accordance with de- 
viations in a !oad circuit voltage from a nominal 
value, thereby tending to maintain the load cir- 
cuit voltage constant, and a circuit connecting 
said alternatin current feedback winding to said 
saturable reactance amplifier to increase the 
gain of said amplifier to provide improved regu- 
lation of the load circuit voltage. 
. In a voltage regulating system, a source of 
a!ternating current, a direct current load circuit, 
a rectifier connected between said source and 
sali load circuit, a reguiatin reactor having a 
saturating winding, a feedback winding and a 
variable impedance winding, a circuit connecting 
said vaïiable impedance windin between said 
souï'ce and said rectifier to control the voltage 
impressed thereon, a magnetic amplifier includ- 
ing therein a saturating winding, and having its 
input ciïcuit connected across said load and hav- 
ing ifs output circuit connected to the saturating 
windin on said reulating reactor so as to govern 
the i]npedance of the impedance winding thereon 
in accordance with deviations in the load circuit 
voltage from a nominal value, thereby tending 
to maintain the load circuit voltage constant, 
and a circuit serially connecting said feedback 
winding fo the saturating windin of said mag- 
netic amplifier directly controliing the current 
fiow in said saturating winding to suppress oscil- 
lations in the load circuit current to provide 
proved stability in the reguiatin system. 
4. In a voltage regulatlng system, a source of 

8 
alternating current, a direct cuitent load circuiç, 
a rectifier connected between said source and sald 
load circuit, a regulating reactor having a satu- 
rating winding, an alternating current feedback 
3 winding and a variable impedance winding, a 
circuit connecting said variable impedance wind- 
ing between said source and said rectifier to con- 
trol the voltage impressed thereon, a magnetic 
amplifier including therein a saturating winding 
lO and having ifs input circuit connected across said 
load and having ifs output circuit connected to the 
saturating winding on said regulating reactor so 
as to govern the impedance of the impedance 
winding thereon in accordance with deviations in 
15 the load circuit voltage from a nominal value, 
thereby tending to maintain the load circuit volt- 
age constant, and a circuit serially connecting 
said alternating current feedback winding fo the 
saturating winding of said magnetic amplifier to 
2o increase the gain of said amplifier to provide 
improved regulation of the load circuit voltage. 
5. In a voltage regulating system, a source of 
alternating cuitent, a direct current load circuit, 
a rectifier connected between said source and 
25 said load circuit, a iegulating reactor having a 
control winding, a feedback winding, and having 
a variable impedance winding connected between 
said source and said rectifier to control the volt- 
age impressed thereon, a magnetic amplifier hav- 
3o ing its input circuit connected to said load cir- 
cuit, having its output circuit connected to the 
control winding so as to govern the impedance 
of the variable impedanie winding thereon in 
accordance with the load, thereby tending to 
35 maintain the load circuit voltage constant, a 
saturating winding in said amplifier serially con- 
nected to said feedback winding and controlling 
the current fiow therein to provide improved 
stabiIity and regulation, and means for energiz- 
4! ing said amplifier with alternating potential 
which varies in accordance with the load, there- 
by providing further improved regulation of the 
load circuit voltage. 
6. A balanced magnetic amplifier for use in 
a voltage regulating system iomirising a source 
45 
of alternating current, a plurality of saturable 
reactors, a plurality of linear reactors, a variable 
impedance winding on each of said first reactors 
connected across said source in series with the 
corresponding one of said second reactors, a 
50 plurality of bridge type rectifiers, a connection 
from a tap on said source to one A. C. terminal 
of each of said rectifiers, a connection from each 
junction between the first and second reactors to 
the other A. C. terminal of a corresponding one 
of said rectifiers, a saturating winding on each of 
said flrst reactors, connections between the satu- 
rating winding on each reactors, succeeding the 
first, and the D. C. terminals of the rectifier 
0 corresponding to the Preceding saturable reactor, 
an input circuit connected to the saturating 
winding on the first saturable reactor, an output 
circuit connected fo the D. C. terminals of the 
rectifier connected to the last saturable reactor, 
5 and a feedback winding linked with said output 
circuit and interconnecting one of said saturable 
connections and said D. C. terminals of said 
rectifier associated therewith for improving the 
gain of said amplifier. 
70 7. A voltage regulating system including a load 
circuit, an impedance control circuit for regulat- 
ing the load voltage of said load circuit, a con- 
trol device, a magnetic amplifier interconnecting 
said control device and said impedance control 
' circuit and responsive to variations in said con- 
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çrol device fo aCcOrdingly vary said impedance 
control circuit for regulating said load circuit, 
and an alternating current feedback winding 
linked with said impedance control circuit for 
controlling the operation of said magnetic ampli- 
fier to provide improved stability and regulation 
for said voltage regulating system. 
8. In a voltage regulating system, a magnetic 
amplifier comprising a saturable reactor cote 
and including thereon a saturating winding and 
a variable impedance winding, a direct current 
source for energizing said saturating winding, 
an alteïnating current means for energizing said 
variable impedance winding, said cote providing 
means for varying the current flow in said vari- 
able impedance winding in response to variations 
of current in said saturating winding, an output 
circuit responsive to variations of current in said 
variable impedance winding, and an alternating 
current feedback winding linked with said output 
circuit and connected fo said saturating winding 
to provide an increase of current fiow through 
said amplifier. 
9. In a voltage regulating system, a magnetic 
amplifier comprising a saturable reactor cote 
and including thereon a saturating winding and 
a variable impedance winding, a direct current 
source for energizing said saturating winding, an 
alternating current means for energizing said 
variable impedance winding, sid cote providing 
means for varying the current fiow in said vari- 
able impedance winding in response to varia- 
tions in current in said saturating winding, an 
output circuit responsive to variations of current 
in said variable impedance winding, and an alter- 
nating current feedback winding linked with 
said output circuit and connected in series with 
said saturating winding and said direct current 
source fo provide an increase of current fiow 
through said amplifier. 
10. In a voltage regulating system, a magnetic 
amplifier comprising a plurality of saturable 
cote devices connected in cascade, each having a 
saturating winding and an output winding, a 
source of control current connected to the satu- 
rating winding of the first of said devices, means 
for energizing said output windings, a circuiç in- 

10 
cluding rectifying means interconnecting the 
output winding of each of said devices with the 
saturating winding of the next successive device, 
a reguiating unit having a saturable cote and 
5 the saturation thereof controlled by the output 
winding of the last of said devices, a first winding 
on said saturable cote included within said regu- 
tating unit, and a feedback winding having 
current induced therein contiolled by said satu- 
10 table cote included within said regulating unit 
and connected to the saturating winding of one 
of said devices for providing an increase of cur- 
rent flow through said first winding included 
within said regulating unit. 
15 11. In a voltage reguiating system, a magnetic 
amplifier comprising a plurality of saturable cote 
devices connected in cascade, each having 
saturating winding and an output winding, 
source of control current connected to the satu- 
20 rating winding of the first of said devices, means 
for energizing said output windings, a circuit 
cluding rectifying means interconnecting the 
output winding of each of said devices with the 
saturating winding of the next successive device, 
25 a reguiating unit having a saturable core and the 
saturation thereof controlled by the output wind- 
ing of the last of said devices, and an alternating 
current feedback winding on said cote within said 
regulating unit having the alternating current 
30 fiow therein controlled by the saturation of said 
cote within said regulating unit and connected 
to the saturating winding of one of said devices 
for providing improved stabilization of said 
amplifier, 
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